Attention is drawn to some of the consequences associated with the postnatal development of low birthweight human infants and the use of the piglet as a model to study such problems.
There is considerable interest amongst obstetricians and paediatricians in the problems associated with low birth weight.
Low-birthweight infants tend to fare less well than their heavier counterparts and are prone to a number of post-natal complications.
There have been advances in the care of such infants in the past 10 years and their chances of survival have increased considerably but there is still need for research into their management and prog-nosIs.
The definitions associated with low birthweight have, in the past, varied and this has tended to lead to confusion.
In general, low-birthweight infants are considered to be those infants that weigh less than 2500 g at birth. In this paper the terms pre-term ('premature') and light-for-dates ('dysmature') will be used. The term 'premature' has now largely been replaced by preterm and the internationally recognised definition of these babies is that they are less than 259 days (37 weeks) gestation (WHO, 1950, Working Party ]970). Such infants show a degree of immaturity which is directly related to their gestational age. They are subject to many problems and in some cases their failure to adapt fully to life outside the uterus may result in death.
Light-(or small-) for-dates babies were previously termed 'dysmature'. These babies, which constitute approximately 3 % of births in developed countries, have undergone the full gestation period but their development in utero has been retarded.
They are usually defined as being more than 2
Paper presented at Laboratory Animal Science Association Symposium Animal models ill biomedical research, Bristol 10-11 April, 1975. standard deviations below the expected weight for gestational age. They show a number of features of immaturity and, like preterm babies, are likely to develop postnatal complications. A number of animal species have been used to study aspects of postnatal development, particularly rodents, sheep and primates.
The pig (Sus scrofa domestica) is a popular model for many human conditions and its value as a laboratory animal was discussed by Mount & Ingram (1971) . Mount & Ingram devoted only a few paragraphs to the experimental use of newborn pigs, but Mount (1966) drew attention to some useful comparisons that can be made between the newborn pig and the human infant.
He particularly emphasised their comparable level of maturity at birth, some of their anatomical similarities, their susceptibility to hypothermia, their ability to shiver, their increase in metabolic rate in the first few days after birth, and their limited thermal insulation.
Important differences exist, however, amongst them their differing birthweight and subsequent weight gains, the inability of the pig to sweat, the presence in pigs of many siblings and such points as contrasting body temperature and body fat content.
There is doubt whether premature birth occurs naturally in the pig. Adams (1971) stated categorically that 'piglets are not born prematurely ' and Wrathall (1972) emphasised that in pigs partutition usually occurs within very narrow time limits. Production of preterm piglets must, therefore, be by caesarian section.
Dysmaturity, on the other hand, occurs in the pig and is well illustrated by a study of piglet birthweights.
Wrath all (1972) drew attention to the survey of Carmichael & Rice (1920) and reproduced their histogram showing the frequency distribution of birthweights in over 5000 piglets. Their data, from which modern pigs differ only slightly, demonstrated that the mean birthweight of pigs was 1156 g and the standard deviation ± 272 g. The 'runt' piglet has long been recognised; these animals are the smallest of the litter and often only t of the weight of their siblings (Widdowson, 1971) . It is these runts, that rarely survive under farming conditions, that represent the light-for-dates baby; they have undergone a full gestation but show intrauterine growth retardation ( Fig. 1 ). Like their human light-for-dates counterpart they can probably be defined as being those animals that are 2 standard deviations or more below the expected weight for that gestational age. In addition they show abnormalities in conformation, particularly organ weight ratios, and clinically they have a rather characteristic lean appearance and domed head. Lower protein and DNA levels have been demonstrated in runts by Widdowson (1971) , and differences in brain development between runts and normal littermates by Dickerson, Merat & Widdowson (1971) .
Despite the natural occurrence of low birthweight piglets, little research has been performed on these animals.
Agricultural economics are such that a piglet which is smaller and less viable than its littermates is only an encumbrance and it may well be culled by the farmer. There has been extensive veterinary study on disease and causes of mortality in young pigs but this has concentrated on the normal animal with little or no consideration of the low birthweight piglet. In this paper the production and rearing of pre-term and lightfor-dates pigs is described and there is discussion on the value of these animals as models for studies on low birthweight.
MATERIALS AND METHODS

Pre-term piglets
These are produced by non-recovery caesarian section of Landrace/Large White sows. The sows are purchased from a commercial breeder and are transported to the Clinical Research Centre several days before surgery.
The date of mating is known and the degree of prematurity can therefore be dictated by the timing of the caesarian operation.
The sow is given premedication with approximately 500 mg phencyclidine ('Sernylan'; Parke, Davis & Co, Usk Road, Pontypool, NP4 8YH) intramuscularly. When she becomes recumbent, a small quantity of methohexitone sodium ('Brietal'; Elanco Products Ltd, Broadway House, The Broadway, London, SWI9 I RR) is administered intravenously through a butterfly attachment into the ear vein. The sow can then be safely rolled on to a hand-operated fork-lift truck and transported to the operating room.
Once there she is elevated to the table and anaesthesia is maintained with halothane, nitrous oxide and oxygen, administered by a face mask from a Boyle's apparatus.
No further methohexitone IS gIven.
The caesarian is performed through a ventral midline incision. The uterus is exteriorised and piglets are removed in turn. The umbilical cord is clamped with umbilical cord-clamps ('Double-Grip';
Hollister Inc, 211 East Chicago Avenue, Chicago, Illinois 60611, U.S.A.) at both foetal and maternal ends and clearly labelled in order to ensure correlation between piglet and placenta. Each piglet is dried with a towel and its nasal and buccal cavities are cleared of fluid, before it is placed in a paediatric incubator (Fig. 2 ) set at maximum temperature (usually 35°C) and relative humidity (usually 100 %). The piglets are reared in the incubator for their first few days. Those of less than 100 days gestation rarely survive for more than 12 hours.
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Light-for-dates piglets Some runt piglets are obtained at the caesarian operations described above, but these are usually required for other studies.
The majority of the runts are obtained from farmers.
It has been found important to emphasise to the farmer what exactly a runt is. To some it is interpreted as being synonymous with a 'poor doer' and they will therefore often supply a piglet which is small for its age but which is not showing the great difference in size and conformation from its fellows that is so characteristic of a runt.
In many such cases the animal's poor appearance can be attributed to environmental factors or intercurrent disease and not to intrauterine growth retardation.
Whenever possible a runt and a normal from the same litter are purchased within a week of birth. These can then be reared together as outlined below.
Rearing of piglets
The method of rearing follows a set pattern.
Both pre-term and light-fordates piglets are maintained in the incubators for their first 7-10 days. Towards the end of this period the temperature and relative humidity are gradually lowered so that when moved the piglets are already accustomed to a temperature of 27-30°C and a relative humidity of 40-60 %. The piglets are usually kept in aluminium rabbit cages, on a grid floor, for the next 7-10 days of their life. Heat continues to be supplied in the form of an electric heater, but they are exposed to normal ambient ranges of humidity.
Finally, they are moved into large indoor pens with a floor of shavings, and no extra heat is supplied. Feeding in the incubator is carried out with a proprietary milk product (Carnation Foods Co Ltd, 11 High Road, London, N2 8A W) diluted 2:1 with a vitamin mixture and warmed. This is given by a baby feeder ('Belcroy'; John Bell & Croydon, 50 Wigmore Street, London, WIH OAU) and young pigs are usually quick to learn how to suck. Within 3-4 days they will come to the side of the incubator when it is tapped with the feeder and will accept the teat through one of the ventilation holes. This reduces the need to open the incubator and hence heat can be conserved.
The milk solution is supplied 4-6 times per day, but the piglets are not fed between 2000 and 0800 hours.
After 72 h 'Vita-Viva' pellets No. 977-3 (Beecham Animal Health, Beecham House, Great West Road, Brentford, TW8 9BD) are supplied in order to wean the piglets on to solid food. A similar feeding regime applies when the piglets are moved to rabbit cages, but in addition 'Supersukla' pellets No. 956-3 (Vitamealo Products, Beecham Animal Health) are supplied.
The latter are increased in quantity and milk decreased until the piglets are put into the large unheated pens, when they are weaned completely.
Disease problems
A number of incidental conditions have occurred in the piglets. In particular, the pre-term piglets which receive no colostrum are prone to Escherichia coli infections.
These have been manifested by enteritis, septicaemia and septic pneumonia.
Strict hygiene is enforced during the first 7 days of rearing preterm pigs, including the weaning of plastic disposable gloves during feeding, weighing and cleaning of the animals.
Nevertheless, encounters with enteropathogenic E. coli and other organisms are inevitable and the disease which results can prove a complicating factor in work with these animals.
Other conditions encountered have included umbilical infections, conjunctivitis, traumatic injuries, constipation and umbilical hernias.
Hypothermia is a particular problem when very young piglets are removed from the incubator for radiography or other techniques and it is important that heat loss is reduced; this has been effectively achieved by wrapping such piglets in aluminium foil.
Studies in progress
At the present time work is being performed using both pre-term and lightfor-dates piglets. It is not the purpose of this paper to describe the studies in detail but brief mention will be made of some research in progress.
The routine part of the study consists of investigations into general aspects of development.
The piglets are weighed daily, measured at intervals, observed carefully and subjected to a number of screening procedures, among them haematology and faecal microbiology.
In this way a picture is being built up of the developmental process under the conditions used and this will, it is hoped, provide valuable background data.
Coupled with these clinical observations are studies of organ weights, these being performed when piglets die or are killed. Particular attention is paid to the ratio of organ weights since these are a useful guide of dysmaturity as, when a foetus is retarded in utero, the visceral organs are more affected than the central nervous system (Widdowson, 1971) . As a result the brain/liver ratio of the light-for-dates animals are greater than that of 'normal' individuals.
For example, in Fig.  I the 2 piglets, both fullterm, weighed 12 I6 and 339 g: the brain/liver ratio of the former was 1·0/1·7 but of the latter 2'5/1 ,0.
More detailed pathological research related to the development of organ systems is also in progress.
Such information may prove of value in the assessment of maturity.
An example is study of the maturation of the kidney, which shows a distinct zone of subcapsular glomerulogenesis in the perinatal period.
A further aspect of the work is study of specific paediatric problems. Particular work is in progress on neonatal pulmonary disease, especially respiratory distress syndrome (RDS), an important disease of human infants.
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The patient shows clinical features of a raised respiration rate, an expiratory grunt and recession; cyanosis may develop in the terminal stages and the patient dies in acidotic hypoxia. A similar condition has been observed in pre-term piglets; it closely resembles RDS clinically and it shares some common pathological features.
Work on the RDS-like syndrome in piglets is currently in progress.
The emphasis is on diagnosis and treatment and techniques being used and investigated include radiography, blood gas analysis, and histopathology. For the pathological examination of piglet lungs use is made of a technique for post-mortem inflation and fixation. The equipment was described by Wright, Slavin, Kreel, Callan & Sandin (1974) and has been extensively used for human lungs but not, as far as is known, for animal material.
It permits detailed radiographical studies on fixed inflated lungs and the resultant x-ray pictures of these and of the lungs in vivo can be closely correlated with histopathological findings.
The technique is proving far superior to routine fixation and sectioning of lungs for the diagnosis and investigation of neonatal pulmonary disease.
Other projects in progress at this Centre using low-birthweight piglets include studies of hepatic metabolism, of postnatal cardiovascular changes, and of uterine blood flow.
CONCLUSIONS
The newborn pig is similar in many ways to its human infant counterpart and appears likely to prove a useful model for the study of a number of postnatal problems associated with low birthweight.
The large number of piglets available from each sow permits siblings to be used as experimental animals and controls.
Of particular value are pre-term piglets, derived by caesarian operation and light-for-dates (runt) animals. Although there have been fairly extensive studies on 'normal' piglets in the postnatal period, more attention could usefully be paid to the use of low-birthweight piglets as models in paediatric research.
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